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Abstract— The article presents the results of experimental studies of 
the dynamics of water absorption in the active layer of the soil, with 
different types, using nuclear physics methods and measuring 
instruments. In laboratory conditions, experiments were conducted to 
study the dynamics of water absorption with stable and radioactive 
isotopes. The obtained data on the distribution of water in different 
types of soil. 
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I. INTRODUCTION  
The creation of efficient and resource-saving agricultural 
production in the territories of Central Asia, in particular 
Uzbekistan, has become a demand of the time. The decision of 
the country's food programs in particular depends on the 
strategy of using natural resources. Scientists and experts in 
the field of the agricultural industry of the Republic have 
achieved some success. Innovative technologies of growing 
crops and scientific achievements of seed breeding are being 
introduced. The problems of efficient use of water resources 
of the country is still an unsolved problem at the present time, 
the consequences affect the productivity and productivity of 
the industry every year. In this way, the reasonable and 
efficient use of available natural resources, in particular water 
resources, is the main task in the production of agricultural 
products. 
To catastrophe and the Aral Sea, which led in recent 
decades, to such conditions that the tasks of a scientifically 
based approach and the development of optimal and effective 
methods of cultivating the soil have been set before the 
specialists of the agrarian industry, by means of a realistic 
assessment of the existing soil-water-climate system in the 
region. 
In chewy mi and a specialists Laboratory of Ecology and 
Biotechnology, Institute of Nuclear Physics, Academy of 
Sciences of the Republic of Uzbekistan and the Department 
"Exploitation of hydro reclamation systems" Tashkent 
Institute of Irrigation and Agricultural Mechanization 
Engineers co-lead GSI research on the study of patterns of 
water distribution in the active layer of soil at using existing 
irrigation methods (traditional and drip irrigation) using 
nuclear-physical methods of elemental analysis. In this work, 
we used nuclear-physical methods for analyzing the 
composition of a substance, in particular, the neutron 
activation method of analysis and gamma- spectrometric 
instruments based on semiconductor and scintillation 
detectors. As a neutron source for the irradiation of soil 
samples from experimental fields, a unique WWR-SM nuclear 
reactor of the Institute of Nuclear Physics of the Academy of 
Sciences of the Republic of Uzbekistan was used. 
All chemical elements that we encounter in nature are a 
mixture of several isotopes. Isotopes are divided into stable 
and radioactive. The use of isotopes reveals extremely wide 
possibilities for researchers working in various fields of 
science, including its agricultural branches. 
A brief overview of the simplest studies conducted with 
the help of radioactive isotopes contained in the work ah [1-3]. 
The author reflects discoveries in the field of plant physiology 
and agro chemistry, which were made with the help of 
radioactive isotopes of chemical elements that are most 
convenient for research purposes. These include the 
determination of the rate of movement of nutrients through the 
vessels of plants, the rate of absorption by their roots from the 
soil, and the influence of environmental conditions on these 
processes. The issues of the introduction of phosphate and 
nitrogen fertilizers, as well as the best terms of their 
application are considered. Found some coverage of 
photosynthesis. 
To study the processes of plant nutrition in order to claim I 
Acquiring high crop yields, isopolls ovens radioisotopes most 
important nutrients: phosphorus (
32
P), carbon (
14
C), calcium 
(
45
Ca), potassium (K
40)
. The physical characteristics of these 
radioisotopes (a sufficiently long half-life, convenient for 
recording the type and energy of radiation) make it possible to 
monitor their arrival from the soil and fertilizers in various 
crops, to determine the best terms and forms of fertilizer 
application. 
To ensure the normal functioning of biological organisms, 
trace elements are necessary, which are mainly consumed by 
plants from the soil. The lack of trace elements limits the 
growth and development of plants, causes disease. The role of 
microelements (cobalt, zinc) in the metabolism was clarified 
using the radioactive labeling method (
60
Co, 
65
Zn) [5]. The 
methods of work with the use of active indicators for the sake 
of active indicators are described in [4, 6, 7]. Radioisotopes 
are used in biological, medical research, mining and 
metallurgical, agricultural and other branches of science, 
engineering and industry. Radioactive isotopes and nuclear-
physical measurement methods are also of great interest in the 
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study of the properties of soil and water resources as a tool 
and method for research. 
Selection and justification of nuclear-physical parameters of 
radioactive isotopes for use in laboratory studies. 
The nuclear-physical parameters of isotopes include 
atomic mass, type of radioactivity (alpha, beta, gamma and 
other types of radioactivity), half-life, spectrum and nature of 
radiation, energy of an analytical signal (peaks in the 
spectrum). These parameters should be studied in order to 
select suitable ones among those obtained on the basis of a 
nuclear reactor of the type VVR-SM of the Institute of 
Nuclear Physics, Uzbek Academy of Sciences. Isotopes for 
experimental research on this topic. 
The most important type of radioactive radiation is gamma 
radiation, in which the composition of the atomic nucleus does 
not change, but only the excess energy of the atomic nucleus 
is emitted. By its nature, gamma radiation is electromagnetic 
radiation that occurs during the transition of atomic nuclei 
from excited to a lower energy state. Among nuclear radiation, 
gamma radiation is distinguished by its high penetrating 
power through substances. Radioactive isotopes can emit 
gamma radiation in a large energy range, ranging from a few 
eV to 10 000 000 eV. Radioactive isotopes can be obtained on 
an atomic reactor, by exposure to neutron flux of almost all 
chemical elements in the periodic system. 
The gamma spectra of each atomic nucleus are 
characteristic and may be identified. The location of the 
analytical peak, gamma radiation relative to the reference 
samples is usually determined by the concentration of the 
desired element. 
Copper is determined by the reaction 
63
Cu (n, γ) 64Cu. The 
half-life of a 
64
Cu radioactive isotope is T1/2= 12.7 hours. The 
energy of the analytical γ line is equal to Eγ= 511 keV and 
1345 keV. The detection limit of copper according to the 
method is: 0.1 mg / g. 
The production of radioactive isotopes of sodium and 
copper was carried out by irradiating the natural stable 
isotopes sodium-23 and copper-63 in the thermal neutron flux 
of an atomic-type reactor VVR-SM, INP AN R Uz. The 
resulting radioactive isotopes are then diluted with water to the 
desired concentration. 
And the natural stable isotope sodium-23, when irradiated 
in a stream of thermal neutrons, is converted into a radioactive 
isotope according to the following nuclear reaction: 
23
Na (n, γ) 
24
Na. The radioactive isotope 
24
Na has a half-life T = 15h and 
emits intense gamma radiation with an energy of E = 1368.6 
keV. These gamma-rays are the main analytical signals for 
locating an aqueous solution of radioactive isotopes and 
calculating the amount of absorbed aqueous solution in the 
soil. 
Under laboratory conditions, studies were conducted by 
sampling soil with different degrees of salinity and carrying 
out neutron activation analysis of the macro- and 
microelement composition of the samples. Then stable 
isotopes were added to the soil. 
63
C u, 
23
Na in the form of an 
aqueous solution. After watering after 5 hours, a soil sample 
was taken from the experimental area for elemental analysis. 
They took 6 samples of 250 grams each. Following the 
procedure of preparation for neutron activation analysis of soil 
samples were dried to constant weight in an oven at a 
temperature of 60C, milled, averaged over the volume of 
each sample and the samples are selected to 1 gram. After that, 
the samples were placed in a plastic bag, which was then 
sealed and turned into aluminum foil and placed in a special 
container (capsule) of aluminum for irradiation on the thermal 
neutron flux of the atomic reactor. 
The gamma activity of the irradiated samples was 
measured on a Canberra gamma spectrometer (USA), 
consisting of a HPGeGC 1518 germanium detector (relative 
efficiency -15%, resolution for the 
60
Co 1332 keV line - 1.8 
keV), digital analyzer DSA 1000 and personal computer with 
software package Genie 2000 for the collection and processing 
of gamma spectra. 
The detection limit of copper according to the method is: 
0.1 mg/g. The copper concentration in soil samples on average 
between 0 and 3 mg/g, - 0 to 8 mg/g. The limit of sodium 
determination is 0.06 mg/g. The concentration of sodium in 
real soils of Uzbekistan, depending on the degree of 
salinization, ranges from 0, 8% to 1.9%. 
Taking into account the relatively low limit of the 
determination of copper content, and the difficulty of 
subtracting background values that interfere with the 
determination of copper in the 514 keV line, we lost the 
addition of an aqueous solution of copper sulphate, the copper 
concentration of the experimental area was increased about 5 
times. According to the content of these two isotopes, we 
studied the distribution of water in the active layer of the soil 
(at a depth of 0–50 cm). 
The main features of the soil of the experimental site are 
heavy soil, brown in color, the specific weight of which is 
2.65-2.85g/cu. The maximum soil moisture capacity is 0.9 g / 
cm 3. The soil contains small grains of pebbles, fine-grained 
strata and they are characterized by a low degree of salinity. 
The degree of soil acidity is low (pH=6.5). In the experiments, 
the soil type was conventionally divided into 3 classes: Type - 
A - this is untreated soil, type - B - soil, poor machining, type 
–B - soil with high-quality machining and fine-grained soil. 
As a result of experimental studies using the neutron 
activation method of analyzing the elemental composition in 
soil samples with low salinity, the data obtained are given in 
Table I. 
Also, according to neutron activation analysis in soil 
samples with high salinity, experimental data were obtained, 
which are given in Table II. 
From the experimental data obtained in Tables I and II, it 
can be seen that the distribution of water in the active soil 
layer with different degrees of salinity is very different. In 
soils with less salinity, water penetrates more into the depth of 
30-40 cm than in soils with high salinity. 
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TABLE I. The copper content introduced into the soil with an aqueous solution. (Measurement of copper concentration, mg/g.) 
Depth 0-5cm 6-10cm 11-15cm 16-20cm 21-25cm 26-30cm 31-35cm 36-40cm 
1.Type-A 0.079 0.054 0.023 0.015 0,007 0,002 0,000 0,000 
Tip B 0.071 0.053 0.032 0.022 0,009 0,003 0,000 0,000 
Tip-B 0.056 0.050 0.047 0.036 0.031 0.025 0.011 0,007 
2.Type-A 0.085 0.064 0.023 0,009 0,004 0,000 0,000 0,000 
Tip B 0.082 0.059 0.022 0,010 0,003 0,000 0,000 0,000 
Tip-B 0.079 0.057 0.021 0.011 0,003 0,000 0,000 0,000 
3.Type-A 0.060 0.056 0.042 0.034 0.031 0,018 0,010 0,003 
Tip B 0.061 0.055 0.041 0.035 0.030 0.024 0.012 0,004 
Tip-B 0.056 0.053 0.048 0.041 0.034 0.023 0.011 0,005 
 
TABLE II. The copper content introduced into the soil with an aqueous solution. (Measurement of copper concentration, mg / g.) 
Depth 0-5cm 6-10cm 11-15cm 16-20cm 21-25cm 26-30cm 31-35cm 36-40cm 
1.Type-A 0.085 0.057 0.021 0.012 0,004 0,000 0,000 0,000 
Tip B 0.073 0.055 0.030 0.024 0.011 0,000 0,000 0,000 
Tip-B 0.049 0.045 0.042 0.026 0.012 0,002 0,000 0,000 
2.Type-A 0.084 0.067 0.043 0,019 0,006 0,000 0,000 0,000 
Tip B 0.088 0.054 0.029 0.013 0,004 0,000 0,000 0,000 
Tip-B 0.077 0.053 0.026 0,019 0,008 0,004 0,000 0,000 
3.Type-A 0.065 0.054 0.041 0.024 0.011 0.02 0,000 0,000 
Tip B 0.069 0.051 0.032 0.015 0,007 0.02 0,000 0,000 
Tip-B 0.068 0.051 0.042 0.031 0.014 0.03 0,000 0,000 
 
The results of measurements with a radioisotope of 
sodium, in samples of mechanically untreated soil, are shown 
in Table III. 
 
TABLE III. The results of the study of the dynamics of the distribution of 
water and aqueous solutions in the active layer of mechanically untreated soil. 
Analyte-cal 
signal regis-
ment for10min 
measurement 
(imp.) 
The depth of the soil layer, cm 
0 - 5 6-10 
11-
15 
16-
20 
21-
25 
26-
30 
31-
35 
36-
40 
1560 1220 610 160 75 ten 0 0 
1620 1310 1050 830 530 220 85 1 7 
1550 1260 780 560 230 65 24 four 
1640 1180 840 470 210 50 15 2 
1690 1210 750 380 120 65 22 6 
1590 1230 860 320 115 35 ten one 
1610 1260 735 460 326 178 95 2 
1560 1280 675 125 56 four 0 0 
 
The results of measurements with a radioisotope of 
sodium, in samples of sandy soil and mechanically treated 
soil, are shown in Table IV. 
 
TABLE IV. The results of experiments studying e NIJ water distribution and 
dynamics of aqueous solutions in the sandy soil and in the soil quality 
machining 
Analyze-call 
signal 
regiment 
for10min 
measurement, 
(imp.) 
The depth of the soil layer, cm 
0 - 5 6-10 
11-
15 
16-
20 
21-
25 
26-
30 
31-
35 
36-
40 
1 4 20 1 321 1212 785 367 156 5 3 1 3 
14 60 1 328 1125 776 324 135 39 2 1 
14 50 13 12 1235 665 353 167 50 1 6 
14 60 1 379 1278 735 347 152 34 1 5 
15 10 1 3 04 1105 756 289 131 39 1 3 
15 0 0 1 3 08 1074 687 321 123 3 9 1 2 
1490 12 70 1086 675 314 127 38 9 
146 0 1 288 1021 706 311 120 54 9 
 
As can be seen from table III and IV, the dynamics of 
water distribution in soils with different types of mechanical 
processing and the degree of salinity are very different. The 
better the soil is treated, the more deeply and evenly water is 
absorbed. Also, the less soil salinity, the smoothly penetrates 
into the depth of the soil to a distance of 30-40 cm. 
Figure 1 shows the dynamics of water absorption in the 
active soil layer in the experimental areas, depending on the 
type of soil and the degree soil salinity. 
 
 
Fig. 1. Dynamics of water absorption in the active soil layer experimental 
plots depending on the type of soil and degrees soil salinity 
 
As can be seen from the figure 1 the dynamics of water 
absorption in the active layer of soil with different degrees of 
salinity is significantly different from each other. 
II. CONCLUSIONS 
And the patterns of distribution in the odes in the active 
layer of the soil, of different types and degrees of salinity, are 
studied with the use of nuclear-physical methods and 
measuring instruments. In vitro claim rovedeny experiments to 
study dynamics of water absorption with the stable and 
radioactive isotopes. The dynamics of water distribution is 
revealed at different degrees of soil salinity. The obtained 
results allow us to conclude that this method can be used to 
find effective ways to use water resources in saline-prone soils 
in water-deficient regions of Uzbekistan. 
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The results were obtained when the applied grant ҚХ-А-
ҚХ- 2018-403 was executed. 
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